Abstract-The present paper deals with the measurement and evaluation of the static magnetic flux density to which operators are occupationally exposed to. Measurements were performed in normal working and worst case exposure situations. The results show that the exposure levels are conform with the exposure limits for non-wearers of metallic implants like pacemakers, but that wearers of these implants shouldn't work in an NMRS environment.
The use of MRI (Magnetic Resonance Imaging) is steadily increasing in medical applications [1] as well as the use of NMRS (Nuclear Magnetic Resonance spectroscopy) in solid physics, biomedical and biochemical applications. Because MRI applications result in the exposure of the patient and the medical staff to static magnetic fields, gradient fields (only during patient scans) and RF (radio frequency) fields [2, 3] and the NMR-spectroscopic exposure is only limited to the exposure of the scientific staff, cleaners and maintenance workers to the static magnetic stray fields, much more attention is given to the MRI research needs [4] . However, by lack of informative exposure data on NMR spectroscopy on the one hand and because the magnet capacity is generally higher in NMRspectroscopy than in MRI scans on the other there is also a need to assess the static magnetic flux density to which operators of these devices are exposed to. In NMR spectroscopy which is used for physical and biochemical purposes large superconducting magnets ranging up to 22 T can be used. In the present paper we measured and evaluated the B-field exposure of two different types of NMRSs. Table 1 summarizes the occupational exposure limits for the evaluation of the measured data: The NRPB (1993) recommends static B-field limits of 200 mT averaged over 24 h, 2 T as a maximum whole-body field and 5 T as a maximum to arms and legs [5] . The ACGIH (1994) recommends threshold limit values (TLV's) to which it is believed that nearly all workers may be repeatedly exposed day after day without adverse health effects [6] . ICNIRP (1994) recommends that whole-body continuous occupational exposure should be limited to a time-weighted average (TWA) less than 200 mT. The ceiling value is 2 T and the limbs exposure restriction is up to 5 T. Carriers of cardiac pacemakers and implantable defibrillator bearers should avoid locations where the B-field exceeds 0.5 mT (5 G). When the B-field exceeds 3 mT, precaution should be taken to prevent hazards from flying metallic objects. Watches, credits cards, magnetic tapes, computer disks may be adversely affected by exposure to 1 mT [7] . ICNIRP (1998) refers to the ICNIRP guidelines of 1994 [8] . Directive 2004/40/EC: by lack of information about medical exposure and risks the directive doesn't contain recommendations for the exposure to static magnetic fields [9] .
EXPOSURE LIMITS

MATERIAL AND METHODS
As shown in Table 2 , the exposure of the scientific staff to the static magnetic flux density generated by two different types of NMR-spectrometers was studied. It's important to notice that the first one is a normal shielded 7.5 T and the other one an ultra-shielded 9.39 T spectroscope which are both used for biochemical purposes. Both spectroscopes are installed in the same laboratory at a distance of about 6.5 m from each other. The B-field has been measured by means of a 3-Axis Hall Teslameter (Metralab) with a precision of ±0.1%. The X-, Y-and Z-field components were measured at the same time. Table 3 summarizes the worst case exposure situations of the staff when they come closest to the spectroscopes while performing different operations. 4. RESULTS Figure 1 shows the decrease of the B-field as a function or the distance to both NMRS types. In the worst case situation the operator of the 300 MHz spectroscope will be exposed 5 days a week during 5 minutes to a B-field of 15 mT. With the 400 MHz type the exposure is reduced to about 9 mT. Even in the most unrealistic assumption that the operator should be exposed to the maximum B-field of 30 mT (against the wall of the NMR-300 MHz) for 24 h, according to the interpretation of the exposure limits summarized in table 2 there would be no health effect to be expected. If we focus on the interference between the B-field and metallic implants such as pacemakers, the exposure evaluation gets another interpretation. The Figures 2 and 3 show the radius of the contours at which interference and other possible indirect risks may occur. Figure 2 shows that carriers of cardiac pacemakers, ferromagnetic and other electronic implants should stay at least about 1.20 m away from the NMR-300 MHz and, because of ultra-shielding only 40 cm from NMR 400 MHz (Figure 3) . The risk distances for demagnetization at 1 mT are 80 cm from NMR-300 MHz and 30 cm for NMR 300 MHz. The distance to prevent accidents with strongly attracted flying objects at a B-field threshold of 3 mT lies at 40 cm and 30 cm from the wall of the NMR 300 MHz and 400 MHz respectively.
CONCLUSION
The present data show that the magnetic flux density generated by different types of NMR spectroscopes for biomedical applications are even in the worst case situation conform with the exposure limits of ACGIH (1994), NRPB (1993) and ICNIRP (1994). Thus on base of these guidelines/standards, no health effects have to be expected for non-wearers of implanted metallic devices such as pacemakers. Anyway since limits are based on acute effects and not on well-conducted epidemiological or long term animal studies there still exists uncertainty about the long term effects of static magnetic fields. Therefore and since the exposure generated by these devices is about 1000 times the natural B-field background, operators of these devices should limit their exposure to a minimum. Moreover, since the B-field may interfere with the implants mentioned above wearers of these implants shouldn't operate these spectrometers and have to stay at a safety distance from it.
Passive mitigation by providing ultra-shielding is very efficient, it is to be expected that all new NMR spectroscopes should be designed in this way.
